Increased emphasis on reproducibility of published research in the last few years 17 has led to the large-scale archiving of sequencing data. While this data can, in 18 theory, be used to reproduce results in papers, it is typically not easily usable in 19 practice. We introduce a series of tools for processing and analyzing RNA-Seq
The Short Read Archive (SRA) is a public repository for sequencing data that has 28 become an important archival resource for reads associated with published 29 papers. The accumulation of large amounts of data in the SRA allows for meta-30 analyses that are possible only thanks to the centralized, open sharing of data by 31 multiple investigators [1, 2] . Reads in the SRA also allow, in principle, for the 32 reproduction of results in publications [3] . However the bioinformatics difficulties 33 associated with processing and analyzing sequencing data [4] have limited the 34 utility of the SRA and have made it prohibitive for most investigators to perform 35 exploratory data analysis (EDA) on the data in the archive. The use of the SRA 36
for EDA is especially difficult for RNA-Seq data. This is because even the most 37 basic processing of RNA-Seq reads requires numerous decisions about 38 appropriate software to use, complex choices about annotations, understanding 39 of experimental design, and frequently, significant computational resources. As a 40 result, workflows designed for operating on multiple datasets in the short read 41 archive have mainly been restricted to the tasks of aligning and quantifying reads 42
[5]. Similarly, the Gene Expression Omnibus (GEO) requires an expression 43 matrix to be uploaded with every sample, however these are static and frequently 44 out of date, and fail to provide users with the complete analyses that they 45 typically seek to explore. 46
47
We have recently developed a pair of tools called kallisto [6] and sleuth for RNA-48
Seq analysis that address a number of the challenges associated with 49 processing RNA-Seq data. The kallisto program circumvents the need for large 50 alignment files, a convenience that reduces storage needs and increases speed, 51 thus enabling the processing of large numbers of samples on modest 52 computational resources. The program sleuth utilizes bootstraps output by 53 kallisto for differential analysis, and provides a complete interactive and web-54 compatible solution for exploring and analyzing RNA-Seq data. This has allowed 55 us to semi-automate the process of associating interactive Shiny-based [7] 56 websites for EDA of RNA-Seq data. 57
58
The processing underlying the resource we have developed can easily be rerun, 59
providing a scalable and updatable push-button system for the analysis of large 60 numbers of datasets. Thus, we have been able to create a semi-automated 61 system for analysis of archived RNA-Seq data that is much more informative 62 than mere alignment and quantification and that opens up the analyses of 63 published data. 64 65 Construction and content 66 The infrastructure for The Lair is based on Snakemake [8], a python-based 67 workflow system. The system is organized as shown in Figure 1 and consists of 68 three main parts: (1) an initial processing of data to produce sleuth objects that 69 are deployed in a Shiny database; (2) a Shiny server and database; and (3) a 70 website that can be constructed automatically and that links to the Shiny server. 71
72
The specification for datasets is stored on GitHub at 73 https://github.com/pachterlab/bears_analyses. Each dataset requires a 74 config.json file that provides information about the dataset that will be used 75 during its processing and deployment. For example, the config.json file for a 76 recent paper on a HOXA1 knockdown transcriptome survey in human [9] is: 77 78 { 79 "species": "homo_sapiens", The config.json file specifies the species name for the RNA-Seq analysis, thus 93 allowing for automatic downloading and indexing of the appropriate Ensembl [10] 94 transcriptome for the analysis, the type of reads (single or paired), the design 95 matrix and type of testing to perform, as well as the DOI of the paper and 96 parameters for the kallisto processing. Along with the config.json file, a design 97 matrix must be included which specifies the structure underlying the samples. 98
The design matrix can be downloaded from the SRA but sometimes requires 99 manual curation due to inconsistencies in SRA formatting. The entire workflow 100 begins with only these two files, from which all the relevant information is 101 extracted for processing. 102
103
The organization of The Lair allows for updating of all the analyses at the push of 104 a button. This is useful in the case of updates to the component programs and 105 the emphasis on speed of the constituent software allows for frequent updating. 106
In fact, the current main bottleneck with The Bair's Lair is downloading of the 107 SRA data after which the entire workflow processes individual samples in 108
The website is a static page built using Jekyll [11] and Bootstrap v3.3.6 [12] . The 111
Analyses section of the website contains a dynamically generated Date. The title of each paper links to the original paper published in the stated 115 journal. If the paper was published in print, the date given is the paper's print 116 date; otherwise, the date is the paper's online publication date. The analysis 117 button links to an in-browser analysis of the experiment, made possible by 118 sleuth's efficient use of statistical bootstrapping and RStudio's Shiny plug-in; the 119 analysis for each paper is generated automatically by the above build system. 120
121
The table is populated automatically by data from the bears analyses 122 (https://github.com/pachterlab/bears_analyses) Github repository. This means 123 that anyone can submit additional datasets for processing via Git pull requests 124 which once accepted will become part of the website. To demonstrate the utility of The Bair's Lair we examined the results from our 128 analysis of the Trapnell et al. [9] data. In that paper, an RNA-Seq differential 129 analysis was performed on lung fibroblasts responding to the knockout of the 130 developmental transcription factor HOXA1. First, it is easy to confirm that The 131
Lair analysis replicates the main results of the paper. Figure 2 one out of three isoforms (Figure 5d ). The differential isoform, 140 ENST00000349155, is displayed via the "transcript view" feature in the Shiny app 141 as shown in Figure 3 . The associated q-value in the sleuth test is q = 3.15e-05. 142
The two remaining isoforms of the gene are not significantly differential, in 143 concordance with the Trapnell et al. paper (for ENST00000257566, q = 0.148 144 and in the case of ENST00000613550, the isoform did not pass the requisite 145 filters to be tested). 
Methods

182
Data handling 183
There are two data bottlenecks in processing of short read archive RNA-Seq 184 data: first, the downloading and storing of large read files, an issue we do not 185 address in this paper but that can be ameliorated with compression schemes. 186
Second, sleuth utilizes statistical bootstraps generated by kallisto as part of its 187 differential analysis and these can be time consuming to transmit via the web. To The configuration file also accepts the following optional parameters: 210
• kmer-size: the k-mer length used to build the kallisto index (defaults to 31) 211
• bias: perform sequence-specific bias correction during quantification 212 (defaults to True) 213
214
The design file must be a .tsv file, one column of which is titled 'run' or 'Run_s' 215 and contains the SRR accessions for each run in the experiment. Furthermore, 216 the full_model and reduced_model in the config file must match column names in 217 the design file for the differential analysis to work correctly. 218 and LP were partially supported by NIH grants R01 HG006129, R01 DK094699 241 and R01 HG008164. 
